Abstract Pomegranate peels of Ganesh variety were subjected to extraction using different solvents viz. water, methanol and ethanol either alone or in combination with water. The extraction yield, antioxidant activity (DPPH and ABTS inhibition) and total phenolic contents were evaluated. Highest yield was obtained from 50 % ethanol: 50 % water (16.3±1.99 %). The DPPH and ABTS inhibition activity was found to be the highest for methanol and 70 % ethanol: 30 % water extract (79.5± 6.5; 94.6±6.10), respectively. The phenolic content was the highest in the aqueous extract (438.3±14.15). The antibacterial activity of peel extracts was tested against four bacterial strains, Staphylococcus aureus, Enterobacter aerogenes, Salmonella typhi and Klebsiella pneumoniae and the extracts demonstrated remarkable antibacterial activities against all the tested bacterial strains. The 70 % ethanol: 30 % water and 100 % water extract had a higher antioxidant activity and phenolic content and has the potential for nutraceutical application.
Introduction
Pomegranate (Punica granatum L.) is native to the Mediterranean region and has been used extensively in the folk medicine of Indian subcontinent and many other countries. The world pomegranate production amounts to approximately 1,500,000 tons (FAO 2012) . The pomegranate peel is considered as an agro-waste but it can be a potential source of antioxidants, phenols, flavanoids and also possesses antibacterial and antifungal activity. The peels (pericarp, rind or hull) amounts to approximately 60 % of the weight of the pomegranate fruit (Lansky and Newman 2007) . The peel of pomegranate possesses higher total phenolic content and antioxidant activity than the pulp (Li et al. 2006) . Elfalleh et al. (2012) reported that pomegranate peel contains higher antioxidant activity when compared with flower, leaf and seed.
The pomegranate peel is reported to have several health benefits due to the presence of various tannins, flavonoids, alkaloids and organic acids. Gallagyldilacton, gallic acid, granatin B showed anti-inflammatory activity (Tanaka et al. 1990; Satomi et al. 1993; Amakura et al. 2000) . Likewise, Tannins possessing antioxidant activities are punicalin, punicalagin, pedunculagin, gallic acid and casuarinin (Tanaka et al. 1986; Satomi et al. 1993; Gil et al. 2000) . Apart from that, various flavonoids like catechin, epicatechin, epigallocatechin-3-gallate, flavan-3-ol, kaempferol, kaempferolerol-3-O-glucoside, kaempferol-3-O-rhamnoglycoside, luteolin, luteolin 7-O-glucoside, Naringin, pelargonidin, prodelphindin, quercetin and rutin have been also found in peel extracts of pomegranate which shows antibacterial, antiviral, antioxidant, anti-inflammatory and antineoplastic bioactivities (Nawwar et al. 1994; Artik 1998; Plumb et al. 2003; Lansky and Newman 2007) .
In addition to antioxidant activity, the peel extract also has antimutagenic properties as well as beneficial effects on the cardiovascular diseases (Cook and Samman 1996) . During the past decade, considerable efforts have been made to extract and identify pomegranate bioactive compounds (Gil et al. 2000; Kulkarni and Aradhya 2005; Mousavinejad et al. 2009; Qu et al. 2010; Zhang et al. 2011) . Pomegranate peel extracts exhibited marked antioxidant capacity in several studies using unsafe solvents such as methanol and a mixture of methanol, acetone, ethyl acetate and water (Ghasemian et al. 2006 ).
The present study was conducted with the objective to investigate the most effective solvent either alone or in combination for extracting the potent antioxidant, phenolics and antibacterial compounds from pomegranate peel.
Materials and methods

Materials
Pomegranates of Ganesh variety were procured from the local market of Varanasi, Uttar Pradesh, India. All the chemicals (viz, Folin-Ciocalteu reagent, ethanol and methanol) were of analytical grade and were procured from Merck, Mumbai, India. Tannic acid standard, 2, 2-diphenyl-1-picrylhydrazine (DPPH) and 2, 2-azinobis-3-ethyl-benzothiazoline-6-sulfonic acid (ABTS) were procured from Sigma Chemical Company (St. Louis, MO, USA).
Preparation of samples Pomegranate peels were separated and washed with tap water and subjected to drying in vacuum oven (Sonar, Model No. VORP 5030, Associated Scientific Technologies, New Delhi, India) at 50°C upto dryness under a vacuum of 700 mm Hg. The dried peels were ground with pestle and mortar to coarse powder of approximately 1 mm size and stored in a incubator at 4°C. To prepare samples, 20 g of ground pomegranate peel were separately soaked in 100 ml solvents. The extract was prepared in 6 types of solvents i.e. ethanol, methanol, water, 30 % ethanol: 70 % water, 50 % ethanol: 50 % water and 70 % ethanol: 30 % water. The samples were incubated at 37°C for 24 h in a shaking incubator (Labtech, Model No. LSI-3016R, Daihan Labtech India Pvt. Ltd., Hyderabad, India) with 200 rpm. After this, the samples were filtered with Whatman no. 1 filter paper and filtrate was stored in the incubator at 4°C. This extraction procedure was repeated three times to extract maximum components from pomegranate peel. The pooled extract was used for the analysis of phenolics, antioxidant and antibacterial activities.
Yield of extract All the extracts were dried in a hot air oven (Perfit India, Model No. 992/10, Ambala, India) at 105°C for 12 h. The yields of the extracts were based on dry weight and reported in percent yield.
DPPH radical scavenging activity Antiradical activity against DPPH was determined by following the method of Nishino et al. (2000) with slight modifications in preparation of samples and reaction volume. Stock solutions (1 mg/ml) of the peel extracts were prepared in ethanol. DPPH (80 μg/ml) solution was prepared in absolute ethanol and 2.0 ml of this solution was added to 1 ml of extract solution. A positive blank was prepared in the same manner except that respective solvent was added instead of extract. After 30 min of incubation at 37°C, absorbance of the solution was recorded by using ultraviolet (UV)-1800 spectrophotometer (Shimadzu, Kyoto, Japan) at 517 nm against ethanol. The inhibition of the DPPH radical by the sample was calculated according to the following formula:
Where, A blank is the absorbance value of the control reaction and A sample is the absorbance value of the extract.
ABTS radical scavenging assay The ABTS radical scavenging assay was done according to the method of Re et al. (1999) with slight modifications. The ABTS radicals were generated by the oxidation of ABTS with ammonium persulphate. The ABTS radical cation solution was obtained as follows: Five ml of ABTS (7 mM) was mixed with 88 μl of ammonium persulphate (140 mM) and then incubated in the dark at 25°C for 12-16 h. The working solution was prepared by diluting the previous solution with phosphate buffered saline (pH7.2 PBS) until the absorbance at 734 nm was 0.70±0.02. Then, 100 μl of each sample was mixed with 3 ml of the ABTS working solution and the change in absorbance was observed at 734 nm for 10 min at 25°C. The ABTS radical scavenging capacity of the sample was calculated by the following formula:
where, A blank is the absorbance value of the control reaction (containing all reagents except the extract) and A sample is the absorbance value of the extract.
Assay for total phenols Total phenolic constituents of extracts were determined by methods involving FolinCiocalteu reagent and tannic acid standard according to the European Pharmacopoeia (Druckerei 2002) . Solutions of each extract (50 μl; 1 mg/ml) were taken individually in test tubes and final volume was made upto 0.5 ml with distilled water. To this solution, 2.5 ml of 10-fold diluted Folin-Ciocalteu reagent was added, and the flask was thoroughly shaken. After 1 min, 2.0 ml of 7.5 % Na 2 CO 3 solution was added and the mixtures were allowed to stand for 30 min at 25°C with intermittent shaking. Absorbance was taken at 760 nm. The same procedure was repeated for all the standard tannic acid solutions, and a standard curve was obtained (5-50 mg). Total phenols of the extract, as tannic acid equivalent, were determined by using the absorbance of the extract measured at 760 nm. All the tests were carried out in triplicate and phenolic contents as tannic acid equivalents were reported.
Assessment of antibacterial activity In this study, four bacterial strains and agar well diffusion method were used to determine the antibacterial activity of the pomegranate peel water extracts. The agar cultures of Staphylococcus aureus, Enterobacter aerogenes, Salmonella typhi and Klebsiella pneumoniae was prepared to assess the pomegranate peel extracts inhibitory effects. Fifty ml of Muller Hinton agar were measured into an Erlenmeyer flask; four flasks were prepared for each sample and examined. The flasks including agar medium were sterilized in an autoclave at 121°C for 15 min. For antibacterial tests, bacterial cultures were grown at 35°C for 22 h by inoculation in Muller Hinton agar. Petri dishes with 10 ml of Muller Hinton agar were prepared, previously inoculated with 100 μl of the culture suspension (1 %, containing 10 6 -10 7 cfu/ml). The wells (5.0 mm in diameter) were cut from the agar under sterile conditions and 1.0 g of lyophilised extract was dissolved in 6 ml of deionised water (1:6 w/v) and 10 μl added into the wells of agar plates directly and same volume of deionised water was used as control. The inoculated plates were incubated for 24 h at 35°C. At the end of the incubation period, inhibition zones formed on the medium and the diameter of the inhibition zone was measured and recorded as mean diameter (mm). The measurements were done basically from the edge of the zone to the edge of the well.
Statistical analysis All the data were expressed as mean ± standard error of mean and was calculated from three independent experiments. One-way analysis of variance (ANOVA) was applied by using the Systat software to measure the test for significance as described by Snedecor and Cochran (1989) .
Results and discussion
Ganesh variety of pomegranate is a famous variety of India. It is characterized with yellowish red rind. Pomegranates of Ganesh variety have soft seeds with pink-red colour arils. In the present study, the antioxidants were extracted from pomegranate peel by using different solvents and their antioxidant and antibacterial potential were investigated.
Extraction yield Selection of solvent is an important step for obtaining extracts with acceptable yields and strong antioxidant activity. The yields of extract from different solvents were obtained in the order 50 % ethanol: 50 % water>30 % (Fig. 1a) .
DPPH radical scavenging activity of various extracts DPPH is a purple-coloured stable free radical with an absorption band at 517 nm. It is reduced to 2, 2-diphenyl-1-picrylhydrazine (yellow coloured) by accepting an electron or hydrogen radical from an antioxidant (Soares et al. 1997 ). This radical is sensitive to detect low concentrations of antioxidant compounds present in different extracts (Hseu et al. 2008) . In the present study, pomegranate peel extracts showed a significant variability in their inhibitory activity against DPPH radical. Amongst the tested solvents, the highest radical scavenging activity was detected in the following order: methanol>water>30 % ethanol: 70 % water> 70 % ethanol: 30 % water>ethanol>50 % ethanol: 50 % water (Fig. 1b) . It was found that 50 % ethanol: 50 % water extract showed significantly lower (p<0.05) antioxidant activity as compared to the other solvents. All the solvents showed almost similar antioxidant potential of pomegranate extract. Water as an environmental friendly solvent has been found to be very effective for antioxidant extraction from pomegranate marc in previous studies Qu et al. 2009 ). Methanol extract of the pomegranate peel showed the highest antioxidant activity among all the extracts and it was selected for testing of its effect on lipid peroxidation, hydroxyl radical scavenging activity, and human low-density lipoprotein (LDL) oxidation (Jayaprakasha and Rao 2000) . In one of the other studies reported, the methanol extract of the peels showed 83 and 81 % antioxidant activity at 50 ppm using the β-carotene-linoleate and DPPH model systems, respectively (Chidambara et al. 2002) .
ABTS radical scavenging activity of various extracts The ABTS radical cation decolourization test is another technique usually used to investigate the antioxidant activity. Decrease in colour indicates reduction of ABTS radical (Adedapo et al. 2008) . As shown in Fig. 1c , all the extracts reduced the absorbance at 734 nm, and the concentration of the extracts was directly proportional to the reduction in absorbance. The 70 % ethanol: 30 % water extract showed the highest ABTS radical scavenging activity. The pomegranate peel extracts showed the ABTS radical scavenging activities in the order of 70 % water: 30 % ethanol extract> 50 % water: 50 % ethanol>70 % ethanol:30 % water> ethanol>methanol>water. The results are in agreement with Li et al. (2006) in which the peel extracted with mixture of solvents exhibited higher antioxidant activity than the individual solvent extraction. Elfalleh et al. (2012) reported that methanol is a better antioxidant extraction solvent as compared to water.
Total phenolic content Several studies have revealed that phenolic contents in plants are associated with their antioxidant activities, probably due to their redox properties, which allows them to act as reducing agents, hydrogen donors, and singlet oxygen quenchers (Chang et al. 2011) . The phenolic content of various extracts is shown in Fig. 1d . The total phenolic contents varied from 297.5 to 435 mg tannic acid equivalents/g pomegranate peel extract. The highest value of total phenolic compounds was detected in the water extracts whereas the lowest content was obtained in the 30 % water: 70 % ethanol extracts. The phenolic content of water and ethanol extract was not significantly different but significantly higher (p<0.05) than other solvents. These findings demonstrate the influence of the solvents on the extractability of phenolics. Findings of this study suggested that the nature of the solvent exerts a great influence on phenolic extraction capacity of the plant (Akowuah et al. 2005; Turkmen et al. 2006 ).
Antibacterial activity of various extracts
The tannin -rich ellagitannins and phenolic acids of Punica granatum have antibacterial activity (Prashanth et al. 2001; Supayang et al. 2005 ). In the current study (Table 1) , the aqueous, methanolic, ethanolic, 30 % ethanol:70 % water, 50 % The antibacterial activity of peels of Punica granatum may be indicative of the presence of metabolic toxins or broad spectrum antimicrobial compounds that act against both gram+ve and gram -ve bacteria. The maximum antibacterial activity of different extracts against different bacterial strains was found in the order S. aureus>S. typhi>E. aerogenes > K. pneumoniae. P. granatum contains large amount of tannins (25 %) and antibacterial activity may be indicative of the presence of secondary metabolites. Earlier studies have also been done on the antibacterial activity of pomegranate peels and different results were revealed by different researchers. Diameter of inhibition zone (DIZ) against S. aureus and E. coli was found to be comparatively less than the other bacterial strains (Khan and Hanee 2011) . Melendez and Capriles (2006) tested the antimicrobial properties of a number of tropical plants from Puerto Rico using the disc diffusion method against E. coli and S. aureus. They demonstrated that pomegranate extract produced inhibition zone sizes of 11 and 20 mm, for E. coli and S. aureus, respectively. Al-Zoreky (2009) reported the antibacterial activity of pomegranate peel extract against Listeria monocytogenes and Salmonella enteritidis.
Conclusions
In the present study, different extracts of pomegranate peel were screened for their total yield, antioxidant, phenolic content and antibacterial potential. The highest yield was obtained from 50 % ethanol: 50 % water. Higher antioxidant activity and phenolic content were found in 100 % water and 70 % ethanol: 30 % water. The antibacterial activity was also found significant against various pathogenic strains. The maximum antibacterial activity was found against the S. aureus and minimum activity was against K. pneumoniae. These extracts can be used for incorporation in various food products such as dairy foods, beverages and chocolate etc. to formulate nutraceutical and functional foods as these extracts could be considered as safer than other organic solvents.
